The role of glucan as a biologically active immunomodulator has been well documented for more than 40 years. However, the wide diversity of b-glucan forms and the extraction process has implications for the benefits of these compounds. Biorigin developed two samples of b-glucans using different biotechnological processes. Thus, in the present study, we fed Nile tilapia (Oreochromis niloticus) diets containing these two b-glucan molecules (BG01 and BG02) for 30 days prior to bacterial infection with Streptococcus agalactiae. The results showed that the different b-glucan samples exhibited biologically differently behaviors, but both increased the resistance against bacterial infection. Specifically, BG01 increased immunostimulation, while BG02 improved growth performance. In summary, these findings confirm the benefits of b-glucans in aquaculture and also provide further evidence of the growth promotion of these compounds.
Introduction
Recently increasing attention has been focused on the use of functional dietary supplements, such as probiotics, prebiotics and immunostimulants, in aquaculture [1, 2] . These compounds are beneficial for improving the immune status, feed efficiency and growth performance in fish [3] . Among these feed additives, bglucans exhibit tremendous potential for use in aquaculture industry, as these compounds reduce stress, disease outbreaks, and fish product development through biotechnical approaches [3, 4] .
'Glucans' is the common name given to a group of polysaccharide polymers, classified based on interchain linkages as either a-or b-linked. These compounds are widely distributed in bacteria, algae, fungi and plants, with different structural types (see Barsanti et al. [5] ). The common structure comprises a main chain of b-(1,3)-and/or b-(1,4)-D -glucopyranosyl unit in non-repeating but non-random order, with side chains of varying lengths [6] . bglucans from all sources have been variously demonstrated to have pro-or anti-inflammatory effects on immune cells, and the recognition of these compounds likely depends on the cell types involved and the receptor(s) engaged [7] . According to Brown and Gordon [8] , the effects of b-glucans on the immune response depend on the molecular weight and degree of branching. Larger molecular weight glucans activate the innate immune response, while short, low molecular weight glucans are inactive [9] .
Indeed, these structural differences could also affect the extraction of b-glucan, and in turn, affecting the immunostimulatory activity of these molecules [6] . Even b-glucans from the same species and sources can behave biologically differently when extracted and purified through different processes. Considering this knowledge, and with an extensive background in b-glucan extraction technology, the Research Center of Biorigin developed two insoluble b-glucan samples using different biotechnological methods. Thus, the present study evaluated the effects of the two different b-glucan molecules on the growth performance and bacterial resistance of Nile tilapia, an important worldwide freshwater species.
Material and methods

Experimental animals
A total of 126 (initial weight 188.1 ± 2.9 g) juvenile Nile tilapia were obtained from the Toca da tilapia fish farm (Arealva, SP, Brazil). The fish were randomly separated into 6 fiberglass tanks (500 l; 21 fish per tank) and initially fed a commercial diet at 2% of their body mass twice a day. The tanks were supplied with water flow-through at 26 ± 1 C and a photoperiod of 14 h light:10 h dark. The oxygen levels (>5.0 mg l À1 ) were monitored. The fish were maintained under these conditions for at least 2 weeks prior to the experiment. Table 1 . After feeding for 30 days, the blood was drawn from 10 fish per tank (2 tanks per diet, n ¼ 20) through caudal puncture and the body weight was measured. Thereafter, the remaining fish received an intraperitoneal injection of Streptococcus agalactiae (see preparation below) and were subsequently sampled at 8 h after injection (n ¼ 20). The fish were continuously monitored and mortality recorded daily. The fish sampled prior to infection were also intraperitoneally injected with S. agalactiae and placed into individual tanks/treatment. Both groups were used for the assessment of the survival rate. We measured plasma glucose and respiratory oxidative burst in the blood sample, and determined the growth performance and survival rate.
Fish sampling
The fish were anesthetized in water containing 0.1 g l
À1
benzocaine (SigmaeAldrich, São Paulo, Brazil) until ventilatory movements ceased, and blood samples were drawn from the caudal vessels using syringes without anticoagulant. An aliquot was dispensed into heparinized microtubes and immediately used to measure respiratory oxidative burst, and the remaining sample was placed in microtubes containing the anticoagulant Glistab ® (for glucose). The blood samples were centrifuged for 10 min at 3000Âg to obtain plasma, and the glucose levels were immediately determined.
Preparation of diets
To prepare the diets (Table 1) , the macro and micro-ingredients were mixed together for 30 min in a mixer, and subsequently oil was slowly added into the feed and mixed for further 15 min. Boiling distilled water was subsequently slowly added to the diets and mixed for another 15 min. The diets were pelleted using a chopper. The pellets were dried at 60 C for 18 h using a feed dryer and stored at À20 C until further used.
Preparation of S. agalactiae and experimental infection
The S. agalactiae (1318LAPOA, Jaboticabal, São Paulo, Brazil) was identified after sequencing 16S rDNA (similarity of 97% with GenBank accession #ATCC 7966). The bacteria were stored in TSB (Tryptic Soy Broth, HMedia) medium containing 30% glycerol (sterile) at À80 C. Subsequently, an aliquot of 20 ml was added into 5 ml autoclaved TSB medium and incubated in a bacteriological incubator at 28 C, for 24 h. Thereafter, 700 ml autoclaved TSB medium was added, and the mixture was incubated again using the same procedure. This bacterial suspension was centrifuged at 12,000Âg for 20 min, the supernatant was discarded, and subsequently PBS buffer (0.01 M) with centrifugation steps of 12,000Âg for 20 min was used to wash the pellets. The bacterial concentration was determined based on the optical density (OD) at 600 nm (Unico spectrophotometer). The OD of the bacterial suspension was adjusted to 0.5 at 600 nm, corresponding to 1.6 Â 10 8 cells/ml. The fish designated to receive intraperitoneal injections were netted from the holding tanks and anesthetized. The mass was recorded, and the fish were treated with a 3 ml g À1 intraperitoneal injection of S. agalactiae.
Plasma glucose and respiratory oxidative burst assays
The plasma glucose concentration was measured using the glucose oxidase method (Labtest kit # 84, Sao Paulo, Brazil, http:// www.labtest.com.br/reagentes). The production of reactive oxygen species was measured using NBT (nitrotetrazolium blue chloride, Sigma-Aldrich, São Paulo, Brazil; # N6876), following the protocol of Sahoo et al. [10] . Immediately after bleeding, 100 ml of heparinized blood was incubated with an equal volume of NBT buffer (0.2%) at room temperature for 30 min. Thereafter, 1 ml of dimethylformamide (DMF, Sigma-Aldrich, São Paulo, Brazil; # 227,056) was added to the samples, followed by spectrophotometric assessment (Model Genesys 10S, Thermo Scientific, Madison, WI, USA) at 540 nm at room temperature.
Growth performance and survival
The initial weight of the fish was recorded during the random distribution into the tanks and the final weight data obtained after 30 days at sampling and before the immune challenge with a 3 ml g À1 intraperitoneal injection of S. agalactiae, as previously described. The growth performance parameters were calculated according to the following formula:
Feed Conversion Ratio ¼ quantity of feed offered/weight gain Specific Growth Rate ¼ 100 Â (ln final weight e ln initial weight)/ duration of the feeding Survival (%) ¼ (final number of fish/initial number of fish) Â 100
Statistical analyses
All data were analyzed for normality (Cramer-von Mises) and homoscedasticity (Brown-Forsythe). Respiratory oxidative burst 
Animal welfare statement
The study was conducted according to the Ethical Principles in Animal Research of the National Council for the Control of Animal Experimentation and approved by the Ethics and Animal Welfare Committee of Universidade Estadual Paulista e UNESP (Protocol Number: 017,425/17).
Results
No mortality was observed during the feeding period. Fish fed with BG01 after the feeding trial had the highest value for respiratory burst activity, while the fish in the BG02 group had higher values than the control group (P < 0.05, Fig. 1A ). Nonetheless, after bacterial infection, the fish fed BG01 and BG02 diets showed a significant reduction compared with the sampling prior to infection. Further, after bacterial infection the respiratory burst activity remained higher in fish fed the BG01 diet (P < 0.05, Fig. 1A ). Plasma glucose was lower in fish fed the BG02 diet after the feeding trial (P < 0.05, Fig. 1B) . However, after bacterial infection, the fish fed control and BG01 diets showed decreased plasma glucose levels compared with the sampling prior to infection. After infection, the fish in the BG02 group had higher levels compared with those in the BG01.
No significant differences were observed in the initial weight of the fish (P > 0.05, Table 2 ). However, fish fed the BG02 diet displayed improved (P < 0.05) growth performance, including final weight, weight gain and specific growth rate. Furthermore, tilapia fed the BG01 diet had a significantly higher specific growth rate compared with the control treatment. Although the feed conversion ratio of control group (1.8) was approx. 25% higher compared to BG01 and BG02 (~1.4), no significant differences were observed (P ¼ 0.0558, Table 2 ). At the end of the trial, the survival rate was higher in fish fed BG01 and BG02 diets compared with the control group (P < 0.05, Table 2 ).
Discussion
Recently, the strengthening of the fish immune system through dietary additives, such as b-glucans, has been target of great interest [11, 12] . Despite extensive studies, few reports have explored the diversity of source and biotechnical methods to extract b-glucans. Here, we tested two different b-glucan molecules, and the results showed that these molecules generated responses of different magnitudes on fish immunity and growth. Furthermore, in the near future we could explore it for distinct application and approaches to optimize the benefits of b-glucan molecules in aquaculture industry. Respiratory oxidative burst is the rapid release of reactive oxygen species produced from macrophages and neutrophils after contact with foreign particles and plays an essential role in the control of host immune responses and resistance to pathogens [13] .
Here, we showed that both b-glucans enhanced respiratory oxidative burst, consistent with similar studies on tilapia and other species [14e16]. However, fish fed BG01 had higher respiratory oxidative burst compared with the BG02 group. We suggested that the BG01 molecule exhibits higher immunostimulation compared with BG02. We also observe a decrease in respiratory oxidative burst in fish fed both b-glucans after bacterial infection. This reduction could reflect the migration of bloodstream leukocytes to sites of infection induced through hemostasis. This finding confirms the effects of b-glucans on the immune response, and these compounds could increase bacterial resistance, consistent with the higher survival rate observed in fish fed b-glucans (95 and 90.47%, BG01 and BG02, respectively) compared with the control (53.3%). Selvaraj et la [17] . observed the dramatically reduced survival of Aeromonas hydrophila in vitro after exposure to macrophages obtained from fish with enhanced oxygen burst activity.
After 30 days of feeding with BG02, the fish showed lower plasma glucose levels compared with the control and the BG01 group. Additionally, we also observed improvements in the growth performance of fish fed BG02. We hypothesized that BG02 might provide increased prebiotic effects (previous unpublished studies) [1, 2] and decreased gut inflammation and consequently cortisol and glucose levels (see discussion below) [18] . This event contributed to energy conservation, increased feed efficiency and consequently enhanced growth. Although the relationship of metabolic cost to mounting an immune response is not clear (see Zanuzzo et al. [19] ), BG02 also exhibited lower immunostimulation compared with BG01, suggesting more energy for growth. Furthermore, fish fed with BG02 showed increased plasma glucose levels after bacterial infection. Currently, there is no clear explanation for this result, however these observation could be associated with the modulation trigged by BG02 on the hypothalamus-pituitary-interrenal axis and cortisol/glucose release as also recent observed by Montoya et al. [20] . Further investigations are being designed to address this issue.
Several studies have demonstrated the immunostimulatory effect of dietary b-glucan supplementation in fish [15,21e25] , but the results addressing the growth performance are controversial [6] , as this effect might result from the treatment dosage, feeding duration, water temperature, species examined and administration route [4] . Here, we showed that Nile tilapia fed 0.1 g kg À1 b-glucan for 30 days exhibited improved growth performance, and BG02 displayed higher growth parameters compared with the control and the BG01 group. Although the feed conversion ratio has not been significantly different, the control group was (1.8) approx. 25% higher compared to BG01 and BG02 (~1. One hypothesis is that the positive effects on intestinal microbial bglucan administration reduce gut inflammation and improve growth performance [6, 28] . However, further studies are needed to identify the factors responsible for the elevated growth observed after b-glucan administration. These results showed that b-glucans have different magnitudes of effects on growth performance and the immune response. Specifically, even with a similar survival rate, the BG01 showed higher immunostimulation than BG02. However, BG02 improved the growth performance. Vetvicka and Oliveira [29] reported different intensity responses in dogs using these same b-glucan molecules. Based on the above statements, we conclude that these b-glucan molecules can be used for different approaches, and these compounds are of great interest to the aquaculture industry. However, additional experiments are needed to elucidate/clarify the differences between BG01 (immunomodulator action) and BG02 (prebiotic effect) observed in the present study.
In conclusion, the results of the present study provide additional evidence that b-glucans improve the bacterial resistance and growth performance of Nile tilapia. In addition, these findings show the great potential/plasticity of b-glucan molecules and encourage further research on the enhancement and development of new bglucan molecules for different applications. Moreover, we confirmed prophylactic care using natural dietary supplements as a sustainable and environmentally friendly approach in modern aquaculture. Data with different letters are significantly different from each other (P < 0.05). The values are presented as the means ± 1 standard error (S.E.).
